This study revisits a fuzzy rough economic order quantity (EOQ) model for deteriorating items considering quantity discount and prepayment. Since the proposed model is a mixed integer nonlinear programming type, it is solved using Meta heuristic algorithms. Based on three different case examples, we have shown that our results using the Bees Colony Optimization (BCO) algorithm performs better than the other techniques which are used.
Introduction and literature review
In the existing literature, few researchers have investigated the inventory models under fuzzy rough environments. Our study investigates these phenomena for the EOQ model considering quantity discount and prepayment. The consideration of fuzziness and roughness with uncertainty is an important area of research [1] .
Several researchers have applied fuzzy or rough sets theory to solve production-inventory problems. [24, 25] .
In this paper, we develop a joint replenishment policy for expensive imported raw materials with a certain percentage (x%) of prepayment. The remaining cost is paid sometime later Demands are considered fuzzy rough variables and the quantity ordered must be an integer number. The lead time is assumed to be less than the replenishment cycle, and the purchasing policy follows a quantity discount strategy with backorders. In real life situation, applying fuzzy and rough theory to estimate product demands is necessary due to the uncertainty in demand distribution.
Fuzzy and rough environments

Some definitions of fuzzy environment
In this section, we will define the meaning of credibility and the expected value of a fuzzy variable. According to Liu [26], we prepare following definitions. Definition 1. Considering α > 0, β > 0, for a fuzzy LR-Type variable, ψ, membership function is being defined as a below,
where 
While its necessity and credibility is being measured by,
Credibility {ψ > λ} = 
Definition 3. Liu and Liu [27] defined the expected value of a fuzzy variable ψ as,
While a triangular fuzzy variable's expected value is ψ = (ψ 1 , ψ 2 , ψ 3 ),
Some definitions in rough theory
Rough set theory, initialized by Pawlak [28] , is an excellent mathematical tool to describe vague objects. Any object from the universe is perceived through available information; if information is insufficient to describe the object exactly, rough variable should be used. Referring to the studies by Liu [26] and Xu and Zhao [1] some concepts in rough theory are explained as follow.
